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Fe isotope biogeochemistry and its applications
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Academy of Geological Sciences, Beijing 100037, China)

Abstract: It is known that Fe is essential for life. Moreover, that the biosphere interacts with the lithosphere,
hydrosphere and atmosphere, and biological action plays critical roles in the evolution of the Earth. Therefore, it
is of significance to understand Fe isotope behavior during biological processes. In this paper, the authors sum-
marize the Fe isotope compositions of various types of organism, and Fe isotope fractionation during biological
activities. It is shown that organism takes up light isotopes preferentially, and the isotope fractionation occurs
stepwise along the biological pathways. During the biologically induced processes (including Dissimilatory Iron
Reduction and bacterial Fe oxidation), Fe actually does not enter the cell. The values of Fe isotope fractionation
of these processes are consistent with those for non-biological reduction-oxidation. During biologically controlled
processes (including microorganism, plants, animals and human beings), Fe does enter the cell. The Fe isotope
fractionation during these processes is mainly controlled by the redox state of Fe. Fe isotopes have great potential
applications in biology and medical science, and are likely to be a new tracer in these research fields.
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(Benz et al.» 1998; Edwards et al., 2000). =2
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& DURE W) Bk B T 40 Pt 25 L Bk R 1 S5 T A7 A
(Marschner, 1995). X T =g M N, 2t & 2
5502 1 40 0 3 8 R s R 8, A v it s
v RN S IR ) A T 2 B i 0 B0 4 T T R
(Bullen and Walczyk, 2009). M &M% 55 4 490 2 5
SEAY, Mt 5T I AR S AR B AR AR, HB Bk
HAEBEVIIKR

[, A=4 VEl 5 5 0 PeL S K BBl KT 2 Tl
FYVE R, AT B an ) R A AT BAE 2 A
R PR, 273 W O IR R, YAk
WA AR S0 55 7 T A 4455 LA A
(Martin, 1990; Akai ez al.» 1999: Ledin, 20000
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FRVAH ELARE 08 A e S

1 ZEWRIER R 22 2 ik

AT [ B bR HE ) it IRMM-014 CA ST fir
R IFIA 250 35 DL Ry bR v, ik PR AR B BR 1) 8% Fe
SEBEAE 0% B, 11T AR FE o AR 4 () 46 Fofr 285 B B
M) 5 Fe BTG Z14 — 3.5%0 ~ 0% (B 1)
oy, B AP 850 Fe T H A — 0.39%0 ~
—0.05%0, FIIME R —0.24%0 +0.21%Cn =125 HL
BT A K K KFBEE DI 80Fe LT F N
—1.19%0 ~ 0.39%0, “F¥IME N = 0.07%0 + 0.67%0
(=38 HLEL [ MK . E L 3R 8% Fe
A IE H — 1.64% ~ — 0.08%0, 1> ¥ {H K
—0.71%0 = 0.82%0Cn = 82); AN 45 T« A L Il 41 £
145 8 Fe B ATE R — 3.35%0 ~ — 0. 18%0, 133
fHA —1.97%0 £ 1.55%0 Con =245 NI I3 0
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Blanckenburg et al. 2013)

Fig. 1 Fe isotope variation for different types of organism

(data sources: Walczyk and Blanckenburg, 2002: Zhu et
al ., 2002; Bergquist and Boyle; 2006; Guelke and von
Blanckenburg, 2007; von Blanckenburg ez al., 2013)
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I ACHAE R, ¥ FeC DAL R FeC T, [H]
AT L H, k. R A6 FeC D& Rk fE v,
FeC DALY Ny #7324k, 38 S 79 FeCTOBIZE T
MPAL, AE K 40 15y BN A CLovley et al .
2004) .

AWEFLR W], A R 40 5 Al AR BT BB B
FeC MDD Js i FeC 1), (AP 5 A0 34 i A ] B
P W] A2 1R BR ()47 38 93 18 ( Beard and Johnsons 1999;
Beard, et al. 2003; Icopini et al., 2004; Crosby et
al.» 2005, 2007; Johnson et al ., 2005; Tangalos et
al.» 20105 Percak-Dennett et al., 2011). sk
B AE  WCH E > FeC LRI, 19K
B 2 FeC MDA LT L FeC 1 Dy, 1 BEJG KA HLT
TR FeC [1) -FeC [l I 1Ak, 75 Fe D %ALY
KT —)2 RN JZLFeCll),pc o T, RVJZE Fe
CID peu AR S50 FeC DALY & 81 T 7] A7 R,
5P, FeC 11D AR R FeC DAY
TR FAL R s FeC Il D) poqe M FeC T D, Z H) 1) V-4
IIMBE A Fepe 1 reac el 11 aq 2 25N ~ 3%0 (&l 2, Cros-
by et al.> 2005, 2007

WL R I FeC Tl D e M1 FeC [T D, 2 T8 [ 3 167
BRIFIAL R RME S FeC T AL A 1 AR AT Bl
PR el A R o o0, 2 W] S b kA 5 R 4k ) s
RPN AH e (R, AR E B S Fe
D T el 11 ), 2 IV 5 40 0 15 5
FFeCID A Fe 11 D, 1) 1R~ 73 1 A AH )
[ A% o s om 3% 1o RLHE AL BT L 7
SET b MR RO R, L FeC D I g %2
ML, IR AT FLIESE NGB AR A, 40 T L 3 T A8
FeC D, I FeC 11 ), 42 o 5 A T 42 He 1
HAEH, AR FeC DA AT FeC 11 )2 T4 12k [
L2817 73 TR
2.2 HESHNIEPHKELESE

FeC [I FEAT 558 T w] DA A4k, £ 22 %0 R Gk
SR B AT DA R A A Al R A, Bk A A A R T
XA BRI P ifq B e 8 4, Ak e 2R Bk 4
AR B AT ALE IR 25 A AL FeC 1D IFIE B A IR
Eh s e B BR U AN PR 16 AR TR 2L FeC 11D T
W2 CO, & B A B X —AE ] E 2R T4
JL A0 JE 5T e A B b R W R AE T 40 LA (Benz e
al.» 1998; Edwards et al.,» 2000). @& 2 A A
FH AT BEAE iy 9 p 20 mAR L Al PR B8 (M R /K L R+
BEORKEKE .

Fe(ll ﬁ_m —"
/' 1FE[||]“E—FSI{|"]IMC
~—3%o

CaD sy |

1) electron transfer 2) atom exchange

Fe? Fe3t IFe?*
efo = (o \=> o
YIFe3 ViFe2d IFa®

B2 S Bd R R P R T - T A S BUR R R A R
SRR Z B (5] A Crosby er al . » 2007)

Fig. 2 Mechanism of Fe isotope fractionation during DIR
through coupled atom and electron exchange Cafter Crosby et
al.» 2007
Fe B Bon =R R ORI DTE A 2 5 N RS R
B o B 83 Fe 1LFeC 1), WM 21 FeC [ M2 1
LFeC 11 Dy, 1o B 22 LTI A A FeC [ D FeC 1l D B 128 4, 18
FeC IDFAMAM R G2 R JZL FeC Il Dppe 1o FHH FeClll D e
AR IR FeCND AR B R B H E R AR, 5P MK 2,
FeC [1 ), AHXFEG FeC [l DA ALY SRR KB A AL 35 FeC [l D 1
FeC [ ), 6] F 1 5 25 TR AEL A Fepe (D pege e C 1D 1 20 28 A — 3%00
B BRI T AN R BR BT GORI D [ A AH B R . %
M) TeC I 7 GOHE B 7 A FeCIID JRT(o 352
W BT MUY § T A TR v 2P i
the left side illustrates bacterial reduction of the ferric substrate ei-
ther hematite or goethite (not to scale). Some of the aqueous Fe( [[ )
[ FeC I ),,] produce sorbs to the oxide surface [Fe( I Dy, J> and then
undergo electron transfer and FeC [[ )-FeC[ll ) atom exchange, pro-
ducing a reactive layer of Fe(Ill ) at the oxide surface [ FeC Il ), ]
that has °Fe/>*Fe ratios which are higher than those of the initial
substrates balanced by FeC Il ), that has Fe/**Fe ratios which are
lower than the initial substrate. The overall isotopic fractionation be-
tween Fe( Il ), and [FeC [l ),,.] would be approximately — 3% if it
reflects equilibrium fractionation at room temperature. The right side
of the figure provides an expanded view of the oxide surface illustrat-
ing interactions between Fe atoms i and j at the oxide surface. In this
model, sorbed Fe( [ ) Catom i) transfers an electron to an FeC[ll )
atom (j) of the oxide. At the second steps isotopic exchange of atoms

i and j occurs

Croal 55 (2004 W 5T T 5 i LA A BT T 6= 4
I FeC I D, ™ A B R 238 70 1, 45 R R A B
Yoo J5 BRI 80 Fe HE Fe CII ), i 1.5%o00
FeC [1),, & o8 J7 B k0™ 52 B A7 o5 A i e
@ FeCll )aq/fhpéﬁﬁﬁﬁ FeCIll )aq: @ Fe(ll )qu‘?ﬁﬁﬁfﬁ
INTTRFERAT o BT FeC Il UITE T BB A AL ) 1 2L
FEZE 5 R A2 Bk IR A 35 3 05 27 43 A8 DT DA AT Fe
T ), 5 1 0 D o 2 A5 P -V 5 05 8
fl0.2%0—~2.2%0, Skulan et al.» 2002; Balci et al . »
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2006; ZEHYAE, 2008, 20121, AT B, 40w 2 | A AE H
FFeC I, AT B FeC I, 8k 7 A7 38 43 1 {8
[A 56Fepe( o, FeC I )aq] KMEAE 2.5%0 /£ 4o Balei 55

(2006858 T IR VE S A AL SE BRBR AT IR /E T R Fe
CID SAATE K FeC D, IR 7 AR 8K R A0 38 70 18, &5
REWY Fe (D, 5 FeCllD,, 2 H 2 1 H
[ 5B g 1m0 2. 2%0 % 2.0%0 35— 43
SR 5 ILEWS 5 9IR & R BE 0I
FeClll), 5 FeC Il ), [a] {3~ 4 73 18 A AH 1LL C Anbar
et al.» 2005; Balci et al., 2006).

PRI, AN 02 S A Bk s it A T 3 2 A T K AR AL
TER, X R BAR A AE 2 5, A A ) R B it
SR A B HEACAE T s 5 b, SX 8 i Bl e o,
AT ELEBEN Y A AR o, Bk R R i el 2
¥, IX SRl R P 7 A R R A 3R 2 BRAE AN G 2B )
2 58 AIE IR I R 7 A R R A 2R VB A (]

3 AW R R R 2R kAL
1T A

FAERIE A A4 e Bk E A I 2 B2 S
AR, B AR R s R R B, IR L IE A
S AR P o SIS E 1 A A I R A 2 A 4 o
T2 Cbiologically controlled process), 2k FL 1E iE A 4
iIRENS

ANTR] FR) A P 0 Bk LA AN [] B R L S A 45 1k
Y KD BRI
3.1 WEHREGTEPRSKEAE S 1S

OB W WS s R () 2K ) 7 25 b Bk Ak 2
T h e IgF R T 414 e 9T T AE.  Azotobacter
vinelandiiCZE i % 48 ] 20O OB F DL& 2k 44k
1 J5UE 1 (ferredoxin-1, AvEDD, 1% 8 [ T 1) 2k 32 22
PALFe;sS, IR Fe, S, 18k #% (1) JE X AFAE (Vazquez er
al.» 1994). Zhu 55 (2002 H 52 5 HF 5L KB, Azoto-
bacter vinelandii IR IR FE s AHXS T H5 72 Fe-
Cly, BRAEIE )5 H CAVEDID A0 e 45 8k ) 2 7] 47
WA Fegeipusrmmn reo, = — 0.90%0. X — 1L FE 1)
BR [R5 28 70 W AT BE S Bk M AR AR O 5

et AN TR R LA WOk O A 40 M N S BORE R AT
T R T8 H AT AR AU B T, AR KRR K A B
3 A7 A, JF H A HUBR Py s b w3l A7 AR
(Bazylinski and Moskowitzs 1997). Mandernack %5

C1999BIFFT T b 40 v A0 40l N T2 BORE Bk 3 R )
BRIV 2R 40 18 BIF 98 A IR, o 1 440 T 0 AR 9 T I
FRIRE R AN R AR FeCly AH EL , 8K R A7 238 20 A Wl
WG JETE A — 580 RV — R JF 8AT 77 AR Bk [
REZR o0 e D DA ] B8 A, o T 40 AT 1 40 B T R i
A T K T 28 320 DR T ¥ R Ak Bl 38 4 T
20 Y60 B RS T, AR SRR 0 A0 LR WO I A B A
TEAN L AMEE b (kBT AS ™ A R AL R 1 3 1

PRI I il A W A o R 2 ) 2k [ 57 35 A0 S 4 W
WeEl AN R AL R R AL 2R 208, R AL R A RS DL S
ANFE AR RAS R OB A K .
3.2 HEYRWIEPHKEARSE

PV LT E IR CER . AR ORI I8 B Bk
P RS O LEAR R AL AT (AR A 1 238 v i
WAL i T A, T — e R T Ak DL 48 e o AR 4 i T
JTUAMAS 2 R | AR SRS, BE N 4 i BT @ AR 40
W WAL PR K 8 1o A T 0 A R N L L AR IR S AR R
ArCE 3D MR CER (1 77 AN ], TR
JIHLIE T FH Y (Strategy 1 plants) A AL EE [T A5 4
(Strategy I plants) PFIZRUIL N30, B4k b, HLEE T
R AR XS - 0] s AR R A7 3R, AL BE 1T A )
L B [A AL R AR (Guelke et al.» 2007,
2012; Kiczka et al.> 20105 Zhu and Li, 2011; 2t
2,201, AHYIIIE 4k A A 38 241 U AE 22 2 h iR
FSR MO R ) TR 2% 0 AR T 4

TP RS B, H o FEEUARE,
b an DL ALY S S A ) A DTTE AL & W0 45 T
AAFAE, M0 fE 45 A A7) WSO PR w] s A Bk L oy 1 3
SR BRI /Ny o FHPIRR BRSO AT P A T 2C
C(E3): D A7 HEAEPIRTEE R AR I 51 A ()
KRB GORE T (H D) B Br, Mgk T 1 3
RS PR RN 2 — RIS 5 1, 8 T
W Fet BT GX R FR AL T DD .
BT 3K — e AR R AR TR s N, A A A RS
BRI SO B Ak [ A7 25 2B W S A0 U R I R TR 2R
PESEEANR DR @ RAFRHEY) (I~ Z2 . K KD
I 7w — MR R AL S ) (R M 8 3D, 1k
Ysinl g LT ) RS JHEERE B 40 i N GX
FAEYIFR A LB [ Ao 3X — b F gk Ak 2 B
AN IS AN, R [F) 7 28 AN R AR W SR 431
3.3 FANFRRKEEPBKEAMR SR

PSR K7/ G R R (R IL /R SDNGE N IR S
) o 25 20 W 8 W AR BRI R A AL 3%, O LB )
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(5] A von Blanckenburg er al . » 2009)
Fig. 3 Fe uptake and translocation pathways in higher
plants Cafter von Blanckenburg et al.» 2009)

BRI R A, A R R A 2 W R B B (Zhu e
al.» 2002; Walczyk and von Blanckenburg, 2002,
2005

NS st M R E S ED W&
YRk, 3K el R Ik F AL ER o AT o A
B AR R A 2 2 ) F ER IR R . Wk
Hla b sz an o m et N I v (B 4, Hotz et al . »
201D A WA TE L, WY T
BRI 21 2 Bk (Heme-iron) s 2k LA + 2 M IR A7 75 HE
YW A AR 41 25258k (Non-heme-iron) s 2k BA + 3
M AFAE . Wk 2T Bl B EHEEA |
B A0 M, SR 5 A M 21 2% 0 46U 0 1 R 2R AR T8
K, X FEHERAA A L) + 2 T A7 A, R R 22
D HERA . (Bullen and Walezyk, 20095 Hotz ez al .
2011 #mﬁ%ﬁ%mﬁﬁgpﬁﬁ+zmuFﬁ
A DL S T 4 s R N b A, X — ik AR
BRI A R AR, R TR 35 A B o T R AR
[ A7 2 L 5E 4 (Bullen and Walezyk, 20095 Hotz
et al.» 2011). b B4 W WA F) Bk ot i e ed Bk 3 1
A N MR DL B R TR A il R K

B SIAE: AP B IR R TR A MR A 2 AT O KON 781
T AT i
b
IR T i — RAKIES e )
8 | #hRrg ) S ‘
o _/;"I\: Y :,’.‘\\
&l = (@
= o) wEe
Y= ()
- 0
i ool
Bl ceeme— aaﬁa 7
T wak i
Fe(ll) ® Fe(lll) <5 THmAR it Nkt et

Kl 4 iExs e gmiod FE s
(51 B Bullen and Walczyk, 2009)
Fig. 4 Transfer of Fe from foods through the intestinal
mucosa into blood Cafter Bullen and Walezyk, 2009)
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A= e R G B Tk 1 A7 T KR MR
By 3K b P b Ak [ 7 3% 1K 0 R A S o bR PRk
Mk 2= R B A SR T . I A AR A
A, PR AR I SO I, R R 3 AN R 2R I R

GY I A 2 A N ) 67 36 2 ) S 40
I3 15 T WL e 3 43 e — 5
4 MM

H T2 A T A i 5=, IF HLBk R4 %%
TEA Pl R vh] DU AR W 2 1) 3 o, DR AV 2
AR R HT o o, A= M6 n) T WSOk 1R 2 R A7 3%
AR IR K TR A7 25 A R 2 52 Bk [0 7 25 AL R T 5%
Wi WFFTRN, BB YR A BP0 E AN
() PR 2% [ A7 3 20 B, BRI, 8 [ 467 28 AT DA 1 1) I A6
TP R, 7 Bl AR S ST ] e R
H—E W )1 (Jaouen et al.» 2013). BEAN, 8
[FIA B A AP il Bos KN ¥ T W
IV AR IR 3% 2 R T T RO S5, R H I
UK [F) 67 2% 1R I R A7 ] e F T i T A R AT B e AR
(PIRG4S
4.1 MAASRENALZRE RS Bfwk

PRt AR 75 03, 2 L Uik LA

MR A A S A A iG Sh Pr b A ] D). AAERT
PR 3 g K ATEM LA (~65%)
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o FO A A T RSS2 b 7 E P (10% —25% ) -
NAESEH G EEEANL) 1 mg B8k, 32 2558 1 iz 3 i
B, R IERA 10% ~ 30 % 23 B AR, A
PRHE M B R R 1 mgs A BN R B B
0.05% o A YRR, i W ik 1) e D B, T
T AR =) a7 R R N K7 WA 7 1T
RS >, 2 RIRAFEAE TR . 38 3 i 6
(R MR AT« U 2 PR A7 fid R R 2k R 0 %, A7 N
AP VR R P o T S i 8 K W A Y S R
We e L B N i, BEAE A0 K, R N A4 A RF 432
S, T B R G R L ET A 2 B RRE
08 T2 oAb B Ak S B 28 o, BT G ¥k 20 W e
3% 21 R PR 5, B BTAR A i Ak pURVE 7. W SR
A i 308 0 MR W 823 />, A N g S Bk, R A B
BRIMETAL” o T AR R WOk 1) B R S, I
HRMELE R — RN, BRI BCR 1T BAA 1% ~
100 % 2 18284k, H F A5 3R %A — T B o] S HR
T T LIRS ) B AT A A ARSI L Bk
[ 57 2 MR A () % S A R A X — ) i

WFFCE B, N A4 I 1) Bk A A 22 41 At X TR
MM-014 B 5 & BRI R 35, 630 Fe 24070 [ b
—3.1%0~ — 2.0%0» o1 Lot i afin 5 22 be 55 1 11
VR e B2 2k 1 T3 )4 35 (Walezyk and von Blanck-
enburg, 2002, 2005; Albarede ez al.» 2011). LK
(10 (R 37 2 2H e I F 52 B ) 18 ok ) 47 28 1 432 1l
ERL A B 0 P ) o7 25 A R A T I v 22 o Ak 11
[FIRL 2%, I 8 Fe JEH A — 2.5%0 — 0%, -3 4
= 0.8% ~ — 0.5% (von Blanckenburg et al.,
2013) A PRI G J BAS I 1l v W b S Bk 1
A7 25 10 32 g R 38, AR R Bk O Sk R 18
F LI S D 1 8 Fe Y8 — 3.5%0 ~ — 0.5%0- Hf
TR, I s Bk W s s b, 2k D A T 3 A 2 IR
WL, 3 — T P Ak [ A7 3% 0 U A 3 e N A I 9 P
= SRINERICIE A FI0E Sl 75 = 1) 7R £ TS
AN, ) Bk AR 2 Ta) R K ) A7 35 22 e Al A
[) C R ABL T3t ) 2 o A 2, 338 T 5% i I 948 74D 2K [0 7
FUL R X AARRE T 55 R L ot Bk R A 2% AR
ANFE RSB, Vet T A H& ki, Sk 1 £,
FENE FRY 5 i 08 2 MR WA 2 B vy, G ML 980 P 42k () 67 2% 40
Lt 55 1 P W 40 B Cvon Heghe ez al . » 2014

BT AN AR R ST B 2K (8 AT R A A4 P9 R AR
PR BT A (< 0. 05% ), I3 18k TR A 25 41 A
ANK AT fi H 0 P AR A s, 1T s e T A B ) Bk

WO o BRI, ML) K [R) A7 2R A0E 9 AT W g ) A
N AR 508 2% W e 2 38 ( Bullen and Walezyk, 20095
Hotz and Walczyk, 2013). HI AR IR, B8
A PR I (5 2R A E R0 N (i 3 R RS 3 i 1 I
fED, FMVE G E# N & LR B R A7 3=, JF B
AR TR A, 22 20 1 i 1 A 5, 0 17 B L, K () 47 3R 41
J% B H (Krayenbuehl, 2005) .
4.2 HiE

g EPTIR, AL R S e LR R BR [R) A7 3R )
TR A 2R AL, 052 S0 38 TR A D DA Rk A0 2 B e
P il AL S VR FH 2 Bk IR A 38 A 40 T ) S T
Fo DL, BR R Z T AR MURE 1) A 005 8l s B3 1) 7

7 FEW R R Bk A A R o A AR BT
HA S ARV S AR A B 1) T ROk 1)
BRI ER 0 HAE B Bt A 20 (6 T &, 3K A
0B 5 AN [ FR) A2 40 2ok R AT AN [] R 8K (R 67 3R 70
TS 2o [RGB IR) AV, 2 4 T A 90 2 4 Pl ol 2 4 A
PIEBIIE B MR R IR R . A MR
W, Bk R A7 28 A A A Jiz 18 )R WO D RE 7 R AR
R/ I S N O v T S R T DA R
J7o HHT Bk F AL 2 1 A4 3k Ak 27 J7 1 R B 5T ATS
SR> o AT LA, Bk (R 28 78 AR 2 B 5 A5 T 1
K 2 AT AR R Y T it

ek m A R T s ER AR Y BB S 2 A B K
Bl KR A ELAE ) T sk — 2B T 9. B i 4]
AT ST, MV FAHT WV 3R 23 1R T K VA i A B 1) Bk
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